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Abstract: This cross-sectional, exploratory study aimed to compare
neuromuscular performance, balance and motor skills proficiencies of
typically developing children and those with developmental coordina-
tion disorder (DCD) and to determine associations of these neuromus-
cular factors with balance and motor skills performances in children
with DCD.
One hundred thirty children with DCD and 117 typically devel-
oping children participated in the study. Medial hamstring and
gastrocnemius muscle activation onset latencies in response to an
unexpected posterior-to-anterior trunk perturbation were assessed
by electromyography and accelerometer. Hamstring and gastrocne-
mius muscle peak force and time to peak force were quantified
by dynamometer, and balance and motor skills performances
were evaluated with the Movement Assessment Battery for Child-
ren (MABC).
Independent t tests revealed that children with DCD had longer
hamstring and gastrocnemius muscle activation onset latencies
(P< 0.001) and lower isometric peak forces (P< 0.001), but not times
to peak forces (P> 0.025), than the controls. Multiple regression
analysis accounting for basic demographics showed that gastrocne-
mius peak force was independently associated with the MABC
balance subscore and ball skills subscore, accounting for 5.7%ng, Grad Stat, PhD c, and
arlane, PhD
Children with DCD had delayed leg muscle activation onset times
and lower isometric peak forces. Gastrocnemius peak force was
associated with balance and ball skills performances, whereas timing
of gastrocnemius muscle activation was a determinant of ball skill
performance in the DCD population.
(Medicine 94(41):e1785)
Abbreviations: BMI = body mass index, DCD = developmental
coordination disorder, EMG = electromyographic or
electromyography, MABC = Movement Assessment Battery for
Children, MET = metabolic equivalent, PA = posterior-to-anterior.
INTRODUCTION
D evelopmental coordination disorder (DCD) is one of themost common motor disorders in childhood. About 6% of
typically developing children are diagnosed with this disorder
during their primary school years.1 The main characteristic of
DCD in the gross motor domain is poor motor control, including
poor postural control, which is the foundation of gross motor
skill performance and development.2–4 To date, the majority of
relevant studies have focused on the sensory contributions of
suboptimal postural control (balance) performance,4–7 and
fewer studies have examined the motor contributions to balance
disorders in this group of children.8–10 Only 2 studies
have assessed the neuromuscular (electromyographic [EMG])
responses to a sudden, unexpected postural perturbation in the
DCD population. Williams andWoollacott8 were the first to use
a translating platform to elicit lower limb postural muscle
responses in children with and without DCD. They found that
the average onset latency of postural muscle activation was
similar between the 2 groups. Some years later, Geuze9 used a
more functional setup (subjects were perturbed by a ball lightly
hitting the back) to measure the EMG activation timing of lower
limb muscles in children with DCD and controls. They also
reported that the lower limbmuscle EMG onset latencies did not
differ between the 2 groups. However, in a recent study by our
research team using a motor control test, we found that the
latency time between the platform translation and the onset of
postural response was longer in children with DCD than in
controls (effect size¼ 0.42–0.71).10 We postulated that pro-
longed EMG onset latencies in the lower limb muscles might beto the mechanical delay in postural
ildren with DCD might have longer
in their lower limb muscles. The
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insignificant findings in the previous studies8,9 were probably
due to the relatively small sample size (13 with DCD vs 13
controls)9 and large intragroup variability.8 It is thus necessary
to use a larger sample to verify the results.
Based on the results of our previous study,7 it is plausible
that another motor timing deficit—slowed muscle force pro-
duction—in the lower limb muscles might also contribute to the
inferior balance and motor skills performance in children with
DCD. We found that increasing the time to reach peak force in
the hamstring muscles was associated with atypical muscle
synergy (excessive use of hip strategy) in this group of chil-
dren.7 Regarding muscle strength per se, Raynor11 reported that
children with DCD produced lower levels of maximal muscle
strength (peak force/torque) and power during isokinetic knee
flexion and extension testing when compared with typically
developing controls. Because lower limb muscle strength cor-
relates significantly with balance performance in adults,12
weaker lower limb muscles might also compromise the balance
and gross motor skills performance of children affected
with DCD. However, no study has examined the relation-
ships between neuromuscular (motor) deficits, balance, and
gross motor skills performances in this particular group of
children thus far.
Therefore, the objectives of this study were to compare
the neuromuscular (motor) performance indices, balance
and motor skills performance scores of DCD, and control
participants and determine the associations of these neuro-
muscular factors with balance and motor skills performance
among children with DCD. It was hypothesized that the
neuromuscular and motor functional outcomes would be sig-
nificantly different between the DCD and control groups and
that the neuromuscular factors would be significantly associ-
ated with balance and motor skills performance in the DCD
population.
METHODS
Participants
This was a large-scale, cross-sectional, and exploratory
study. Children with DCD were recruited from local child
assessment centers, hospitals, nongovernmental organizations
with pediatric rehabilitation services, mainstream primary
schools, parents’ groups (via poster and website advertising),
and our research team’s database of DCD participants (via
phone calls). From January through June 2014, all children
volunteers were screened by 2 physiotherapists (over the phone
first and then face-to-face) to determine whether the following
eligibility criteria were met. The inclusion criteria were a
diagnosis of DCD according to the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV-TR)1; a total impairment
score of <5th percentile on the Movement Assessment Battery
for Children (MABC)13 or a gross motor composite score of
42 on the Bruininks–Oseretsky Test of Motor Proficiency14; a
total score of <46 (5–7 years 11 months old), <55 (8–9 years
11 months old), or <57 (10–15 years old) on the 2007 version
of the DCD questionnaire15; ages between 6 and 10 years old;
and studying in a regular education framework. Exclusion
criteria were diagnosis of emotional, neurological, or other
movement disorders (comorbid attention deficit/hyperactivity
disorder, dyslexia, and suspected autism spectrum disorder were
acceptable); significant musculoskeletal, cardiopulmonary,
Fong et alneurological, visual, vestibular, or other sensorimotor disorders
that might affect motor performances; receiving active physical
training; demonstrating excessive disruptive behaviors; or
2 | www.md-journal.comunable to follow instructions thoroughly during assessments
or cannot complete the assessments.
Typically developing healthy control participants were
recruited from primary schools and an existing database of
participants who had participated in our previous studies. The
eligibility criteria were the same as those for the DCD group
except that the control participants could not have had a
diagnosis of DCD; a total impairment score of>15th percentile
on the MABC13; and a total score of>46 (5–7 years 11 months
old),>55 (8–9 years 11 months old), or>57 (10–15 years old)
on the DCD questionnaire.15 Ethical approval for this study
(EA160913) was provided by the Human Research Ethics
Committee of the University of Hong Kong, Hong Kong, on
25 September 2013. Each participant and parent gave informed
written consent before participating in the study. Data collection
was performed by an experienced physiotherapist and a trained
research assistant in the Physical Activity Laboratory of the
University of Hong Kong, and all experimental procedures were
conducted in accordance with the Declaration of Helsinki.
OUTCOME MEASUREMENTS
Demographics
Demographic and relevant information such as medical
history was obtained by interviewing the parent and child. In
addition, physical activity level (in metabolic equivalent [MET]
hours per week) was estimated based on the self-reported
activity intensity level (light, moderate, or hard), duration
(in hours), frequency (times per week), and the assigned
MET value of the activity according to the Compendium of
Energy Expenditures for Youth.16 After the interview, the body
height and weight of each child were measured and body mass
index (BMI, in kg/m2) was calculated.
Lower Limb Muscle Activation Onset Latency
(Muscle Reflex Contraction Latency)
Lower limb postural muscle responses following unex-
pected posterior-to-anterior (PA) trunk perturbation were
measured using surface EMG (Biometrics, Newport, UK). A
triaxle accelerometer (ACL300, Biometrics) was attached to the
sternum of the participant to register the onset of trunk pertur-
bation.17 Physiologically, a sudden PA perturbation to the trunk
would trigger reflexive contractions of primarily the hamstrings
and gastrocnemius, allowing the participant to maintain pos-
tural stability.18 To record the muscle activities of these 2 major
postural muscles (medial hamstrings and gastrocnemius) in the
dominant lower limb (defined as the leg used to kick a ball) in
response to a PA trunk perturbation,17 circular Ag/AgCl bipolar
surface EMG electrodes (EMG sensor SX230-1000, Bio-
metrics) were used. Active electrode location sites on the skin
were identified following the recommendations of Barbero
et al19 and prepared by shaving of hair, lightly abrading with
fine sandpaper and cleansing using alcohol swabs to reduce skin
impedance. The EMG active electrodes were fixed over the
center of each muscle belly and placed in a line parallel with the
longitudinal axis of the lower extremity. The diameter of each
active electrode was 1 cm, and the center-to-center inter-elec-
trode distance was 2 cm. The EMG signals were filtered with a
bandwidth of 20 to 460Hz, sampled at 1000Hz and amplified
by a gain factor of 1000 using a single differential amplifier with
Medicine  Volume 94, Number 41, October 2015an input impedance of >1015 and a common mode rejection
ratio of >96 dB.20 A reference electrode (R506, Biometrics)
was placed on the ipsilateral lateral malleolus. All of the
Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
electrodes were connected to the DataLOG (Biometrics), which
was securely attached to the participant’s waist during the
perturbation test to minimize artifacts. The DataLOG uses both
a high-pass filter (20Hz) to remove DC offsets due to mem-
brane potential and a low-pass filter for frequencies>450Hz. It
also stores EMG data for offline analysis.20
The PA trunk perturbation test was modified from our
previous study17 and that of Geuze.9 Each participant was
blindfolded and stood with bare feet apart at shoulder width
and arms resting by the side of the trunk. The participant was
instructed to stand still and not to take any corrective steps
during the test. Then, the same assessor gave a sudden and light
horizontal push to the back (at T12 level) of the participant to
disturb his/her balance. The acceleration of the trunk in the PA
direction was recorded by the accelerometer attached to the
sternum. To prevent falls, a parent stood in front of the
participant and provided support if absolutely necessary. Pos-
tural muscle activity was measured for 5 seconds before the
perturbation (ie, baseline EMG signals) and 5 seconds after the
onset of the unexpected perturbation (ie, reflex muscle con-
traction EMG signals). Only 1 perturbation trial was performed
to avoid anticipation and learning.9
The EMG signals of each muscle and the accelerometer
signal were postprocessed using the Biometrics EMG analysis
software for DataLOG version 8.51. The nonrectified and non-
normalized EMG raw data were extracted, and the mean and
standard deviation of the resting EMG signals of the 2 muscles
were calculated. Then, the onset of muscle activation, defined as
the starting point of the EMG activity of each muscle that lasts
for more than 25 ms and is 2 standard deviations away from the
mean resting EMG value,17 was marked. In addition, the onset
of the accelerometer signal, defined as the time point at which
the signal amplitude is 0.20 ms2 away from the resting value,21
was identified. This point represents the onset of trunk pertur-
bation.17 Finally, the muscle activation onset latency, defined as
the time interval (in milliseconds) between the onset of the
accelerometer signal and the first discernible EMG activities of
each muscle, was calculated and used for analysis.17
Lower Limb Muscle Peak Force and Time to Peak
Force
The maximum isometric muscle strength (peak force, in
kg) of the participants’ dominant knee flexors (hamstrings) and
ankle plantar flexors (gastrocnemius) was measured using the
Lafayette Manual Muscle Test System (Model 01165, Lafayette
Instrument Company, Lafayette, IN) with standardized manual
muscle testing procedures22 and dynamometer placements.23
Good to perfect reliability (ICC range: 0.81–0.98) has been
reported for lower limb muscle strength measurements using
this method in young people.24 The participants completed 2
trials of manual muscle testing in which the peak force was
generated for 2 to 3 seconds for each muscle group. They were
instructed to voluntarily contract their muscles as hard and as
fast as possible. The average peak force of the 2 trials of each
muscle group was used for analysis. Time to peak force
(in seconds), defined as the time elapsed from the start of the
test until the maximum force has been reached,23 was also
documented for data analysis.
Balance and Motor Skills Performances
Medicine  Volume 94, Number 41, October 2015The MABC was used to evaluate the balance and
motor proficiencies of the participants as it is a standar-
dized, validated, and reliable instrument for measuring motor
Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.performances in children.13,25 This assessment tool consists of 8
fine and gross motor tasks for each of 4 age bands (ie, 4–6 years,
7–8 years, 9–10 years, and 11–12 years). The 8 tasks are
divided into 3 domains: manual dexterity, ball skills, and
balance. The manual dexterity tasks access various fine motor
skills such as threading, drawing, and cutting; the ball skills
tasks test the participant’s bouncing, catching, and throwing
abilities; and the balance tests assess single-leg balance, hop-
ping, walking with heels raised or tandem walking abilities. The
assessment procedures are described in detail in Henderson and
Sugden.13 Each participant was assessed with the appropriate
age-band motor skill tests. The raw score for each test item was
summed to obtain a total impairment score. In addition, the raw
scores of the 2 ball skills items and the 3 balance items were
summed to obtain a ball skill subscore and a balance subscore,
respectively. A lower score represents better motor performance
in general, and a higher score represents more severe motor
impairment.13 The total impairment score, ball skills subscore,
and balance subscore were used for analysis.
Statistical Analyses
All sample size calculations were based on a statistical
power of 80% and a 2-tailed alpha level of 5%. For objective 1 (t
test), according to our previous studies,7,10 a medium effect size
of 0.40 was assumed. So, the minimum sample size required to
detect a significant between-group difference in the neuromus-
cular outcomes was 100 participants per group. For objective 2
(regression analysis), our previous study7 showed that the
neuromuscular factor (time to peak force of knee flexors)
accounted for 19.8% of the variance in balance performance
among children with DCD. This translated into a medium effect
size (F2¼ 0.25). Thus, a minimum of 58 children with DCDwas
needed to detect a significant association of the neuromuscular
outcome with the MABC motor impairment subscore, after
accounting for age, sex, BMI, and physical activity level (ie,
total number of predictors¼ 5).
Statistical analyses were conducted using SPSS 20.0 soft-
ware (IBM, Armonk, NY), and a level of significance at 5% (2-
tailed) was set. Descriptive statistics (eg, mean and standard
deviations) were used to describe all of the variables of interest.
Kolmogorov–Smirnov tests and histograms were used to check
the normality of the data. Independent t tests and chi-squared
test were used to compare the continuous and categorical
demographic variables, respectively, between the 2 groups.
Since no significant covariates were present (Table 1), inde-
pendent t tests were also used to compare the muscle onset
latency, time to peak force, peak force, and MABC outcome
variables between the 2 groups. The alpha level was Bonferroni
adjusted in each outcome category to avoid an inflation of type I
error. The effect size (Cohen’s d) was also presented for each of
the outcomes.
Pearson product-moment correlation (r) was performed
to assess the degree of association of MABC-derived scores
with all neuromuscular outcome variables within the DCD
group. We focused on the MABC gross motor skills impairment
scores (ie, balance and ball skills subscores) as they are func-
tional, clinically meaningful and more relevant to lower limb
neuromuscular performances.17,18 Additionally, multiple linear
regression analyses were performed to identify the determinants
of the MABC balance subscore and ball skills subscore
Motor Dysfunctions in Clumsy Childrenamong the children with DCD. Age, sex, BMI, and physical
activity level were first forced into the regression model (Enter
method) as these factors may influence MABC motor skills
www.md-journal.com | 3
TABLE 1. Characteristics of the DCD and Control Groups
Variable
DCD
(n¼ 130)
Controls
(n¼ 117) P
Age, yr 7.7 1.4 7.4 1.3 0.068
Sex (male/female), n 89/41 74/43 0.388
Weight, kg 25.2 7.9 24.2 6.4 0.313
Height, cm 123.5 10.6 123.4 9.5 0.961
Body mass index, kg/m2 16.1 2.5 15.7 3.2 0.317
Physical activity level,
metabolic equivalent
hours/week
14.9 12.3 16.9 11.5 0.205
DCD questionnaire total
score
44.6 12.2 58.5 8.7 <0.001
Comorbidity
Attention deficit
hyperactivity
disorder, n (%)
37 (28.5) NA
Attention deficit
disorder, n (%)
12 (9.2) NA
Dyslexia, n (%) 27 (20.8) NA
Suspected autism
spectrum disorder,
n (%)
46 (35.4) NA
Medication for attention deficit hyperactivity disorder
Ritalin, n (%) 3 (2.3) NA
Concerta, n (%) 1 (0.8) NA
Unknown, n (%) 2 (1.5) NA
Total, n (%) 6 (4.6) NA
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Fong et al Medicine  Volume 94, Number 41, October 2015performance.26 Then, the neuromuscular outcomes that were
significantly associated with the MABC balance subscore or
ball skills subscore in the bivariate correlational analysis were
entered into the regression model. The tolerance approach and
the variance inflation factor were used to check for multi-
collinearity. Any predictor variables that had a tolerance value
of<0.1 and a variance inflation factor of>10 were not included
in the same regression model.
RESULTS
A total of 270 children were screened and 130 children
with DCD and 117 typically developing children were eligible
and participated in the study voluntarily. No significant differ-
ences were found in the various demographic variables between
the 2 groups, except that the DCD group scored significantly
lower (mean total score¼ 44.6 points) on the DCD question-
naire than the control group (mean total score¼ 58.5 points)
(Table 1). This finding was expected and actually was 1 of our
criteria used to classify the children with DCD versus
the controls.
Our results revealed that the hamstring and gastrocnemius
muscle activation onset latencies were prolonged in the children
with DCD compared with their typically developing peers (all
P< 0.001). However, the time periods required to reach peak
force for both the hamstring and gastrocnemius muscles were
Values are mean standard deviation unless specified otherwise.
DCD¼ developmental coordination disorder; NA¼ not applicable.
P< 0.05.comparable between the 2 groups (P > 0.025, Bonferroni
adjusted) (exact P values in Table 2), reflecting that the speed
of force production did not differ between the children with and T
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TABLE 3. Pearson’s Correlation Matrix for the Key Variables Among Children With DCD (n¼130)
Variable
Hamstring Muscle
Activation Onset Latency
Gastrocnemius Muscle
Activation Onset Latency
Hamstring
Peak Force
Gastrocnemius
Peak Force
MABC balance subscore 0.062 0.087 0.010 0.254
MABC ball skills subscore 0.078 0.336 0.099 0.314
sses
Medicine  Volume 94, Number 41, October 2015 Motor Dysfunctions in Clumsy Childrenwithout DCD. For the isometric peak force of hamstrings and
gastrocnemius, the DCD group achieved a lower value than the
control group (all P< 0.001), indicating that the children with
DCD had weaker lower limb muscle strength than that of their
typically developing peers. As anticipated, the DCD group had a
significantly higher MABC total impairment score (P< 0.001),
balance subscore (P< 0.001), and ball skills subscore
(P< 0.001) than the control group. The Cohen’s d values
ranged from 0.97 to 1.95, indicating large effect sizes (Table 2).
Bivariate correlation analysis showed that the MABC
balance subscore correlated inversely with gastrocnemius peak
force (r¼0.254, P¼ 0.004) exclusively in the children with
DCD. In addition, the MABC ball skills subscore correlated
positively with gastrocnemius muscle activation onset latency
(r¼ 0.336, P< 0.001) and negatively with gastrocnemius peak
force (r¼0.314, P< 0.001). No significant correlations were
found between the MABC subscores and hamstrings-related
scores (P> 0.05) (Table 3).
Multiple regression analyses were performed to identify
the determinants of the MABC balance subscore and ball skills
subscore in the children with DCD. We did not enter all of the
neuromuscular outcomes into a single regression model due to
concerns of collinearity (Table 4). In the first set of the
regression (Table 4, model 1), gastrocnemius peak force was
used to predict the MABC balance subscore. We first accounted
for demographics including age, sex, BMI, and physical activity
level. We then found that the gastrocnemius peak force was a
significant predictor of the MABC balance subscore, account-
ing for 5.7% of its variance.
In the next sets of the regression model (Table 4, models 2
and 3), we used gastrocnemius muscle activation onset latency
and peak force to predict the MABC ball skills subscore. After
accounting for age, sex, BMI, and physical activity level,
gastrocnemius muscle onset latency (model 2) and gastrocne-
mius peak force (model 3) remained independently associated
with theMABC ball skills subscore, explaining 11.4% and 8.5%
of its variance, respectively. When comparing the 2 regression
models, gastrocnemius muscle onset latency was a stronger
DCD¼ developmental coordination disorder; MABC¼Movement A
P< 0.05.determinant of the MABC ball skills subscore than was gastro-
cnemius peak force, as reflected by the greater magnitude of
change in the R2 value (11.4%) and beta weight (0.340).
DISCUSSION
DCD is widely acknowledged to impair the motor ability
of children.1 As expected, our DCD group demonstrated poorer
body balance, ball skills, and general motor performance than
their typically developing peers. In addition, their hamstrings
and gastrocnemius muscles reacted more slowly when standing
balance was being challenged unexpectedly in the PA direction.
Our present findings obtained from a large sample of children
confirmed our hypothesis and supported our previous finding
Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.that children with DCD took more time to recover from postural
disturbance.10 The causes of prolonged postural muscle onset
latencies and longer time to recover from a postural disturbance
in children with DCD might be related to their suboptimal
cerebellar function and atypical development of autonomous
balance control.9 Muscle contractile speed may not be a con-
tributing factor as demonstrated in the present study. Although
the exact causes of the neuromuscular timing deficit are still not
known, this deficit may adversely affect the postural synergies
used among children with DCD. For example, children with
DCD over rely on hip strategy to maintain body balance perhaps
because they fail to activate the hamstrings muscles in a timely
manner to control postural (hip) sway,7 resulting in suboptimal
balance performance. Further studies are needed to identify the
underlying causes and functional consequences of this neuro-
muscular timing deficit in children with DCD.
In some contrast to our previous study suggesting that
children with DCD had slower knee muscle force production,7
this study demonstrated that the time required to reach peak
force (produce maximum muscle force) in the hamstring and
gastrocnemius muscles was similar between the children with
DCD and controls. This discrepancy could be attributed to the
fact that we measured time to peak torque (force) isokinetically
(at 1808 per seconds) in our previous study10 but isometrically
in the present study. Because the rate of force development
depends very much on the type of muscle contraction per-
formed,27 it is logical to find that the time required to achieve
peak force in the lower limb muscles differed between the
2 studies.
We also found that the maximum isometric force of the
hamstrings and gastrocnemius was lower in the children with
DCD compared with the controls. Again, this finding is differ-
ent from our previous study reporting that the isokinetic muscle
strength of knee flexors (at 1808 per seconds) was comparable
between children with and without DCD.10 Isometric torque is
always higher than isokinetic torque, whereas torque declines
with increasing isokinetic velocity.28 Thus, it is plausible that
the true maximum (isometric) peak force of the lower limb
muscles is lower in the DCD population, which may not be
reflected in isokinetic testing. In addition, the effect of age may
also influence the lower limb muscle (isometric and isokinetic)
peak force among children with DCD.11 All of these factors may
explain the different findings across our 2 studies.
Among the neuromuscular deficits identified in the chil-
dren with DCD, only gastrocnemius peak force was indepen-
dently associated with balance performance, explaining 5.7% of
its variance. Because our balance tests primarily include jump-
ing, hopping, and tip-toe walking activities,13 gastrocnemius
muscle strength is particularly important for maintaining pos-
sment Battery for Children.ture, balance, and gait pattern.29
We also found that gastrocnemius peak force alone
accounted for 8.5% of the variance in ball skills performance,
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whereas gastrocnemius muscle activation onset latency
explained 11.4% of the variance in the children with DCD.
Therefore, both the amplitude and timing of gastrocnemius
muscle contraction were important for ball throwing, catching,
and bouncing maneuvers. This finding was expected because
before these forward-oriented movements (eg, ball catching and
throwing), the gastrocnemius muscle must contract first to
maintain posture and balance.30 Gastrocnemius muscle acti-
vation timing, which is particularly important to provide a stable
base of support for catching and throwing activities,30 was
compromised in the children with DCD. Therefore, improving
the timing of gastrocnemius muscle activation and strengthen-
ing of this important postural muscle should be included in the
rehabilitation treatments for children with DCD to improve their
postural control.
The major limitation of this study is that our various
regression models explained only 5.7% to 11.4% of the variance
in balance and ball skills difficulties in the children with DCD,
indicating that some potentially important factors were not
captured. Indeed, other factors such as inconsistent or absent
anticipatory trunk muscle activation31 and visual perceptual
deficits32 may also be associated with these motor difficulties in
the DCD population. A second limitation is that we measured
the lower limb muscle activation onset latency (ie, reactive
postural control) and correlated it with balance and ball skills
performance that require primarily anticipatory postural control
ability. It would be better in a future study to measure the spatio-
temporal muscle activation sequence associated with the var-
ious balance and gross motor activity and the associated balance
strategy instead.30 Moreover, further studies may include Tea-
ger–Kaiser energy operator signal conditioning to improve the
accuracy of EMG onset detection.33 Another technical limita-
tion of this study is the use of manual muscle testing and hand-
held dynamometer to assess time to peak force of the strong
gastrocnemius muscle. This method might be unable to detect
subtle differences in muscle contractile speed between the 2
groups because of the inherent difficulties with stabilization and
possibly insufficient strength of the assessor.34 Further studies
may use isokinetic dynamometry instead.34 Finally, our results
can only be generalized to children with DCD, but not children
with other types of movement deficits.
CONCLUSIONS
In summary, the children with DCD demonstrated both the
delayed onset of hamstring and gastrocnemius muscle acti-
vation in response to an unexpected PA trunk perturbation
and lower isometric peak forces in these muscles. Gastrocne-
mius peak force was independently associated with balance and
ball skills performance, whereas the timing of gastrocnemius
muscle activation was a more important determinant of ball
skills performance in this group of children.
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